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Introduction
Since the establishment of an etiological link between high-risk Human Papillomaviruses (HR-HPV) and cervical cancer [1] (CC), and its recognition by all players involved in control, treatment and research of this common neoplasia [2] , the dominant role of cytological screening in cervical cancer prevention was challenged by molecular methods based on the detection of viral nucleic acids [3] (Nucleic Acid Testing).
As a parallel, screening of blood and organ donors by NAT for the Hepatitis C and Human Immunodeficiency viruses RNAs has been adopted worldwide years ago [4] . Differently from CC screening, NAT has not replaced conventional immunoassays but added, in order to cover the window-period, experienced by recently infected donors preceding seroconversion.
In certain settings, HPV testing has been used as an adjuvant to cytology, and many guidelines include and recommend such use [5] . However, replacement of routine cytological screening by HPV NATs has been a matter of passionate debates. Many large studies were carried in order to evaluate adequately this important public health issue. Most studies converged to a common conclusion in favor of primary screening by HPV NATs followed by different triage algorithms [6] - [9] . As HPV is prevalent among sexually active women, the specificity of HPV testing is clearly inferior to cytology. Nevertheless, the measurable gain in sensitivity surpasses the caveats of the inferior specificity. Moreover, mainly due to the possibility of safely extending the screening interval, HPV NATs are cost-effective in different scenarios [10] - [14] . For instance, the Netherlands was the first country to announce a complete shift towards CC screening by a polymerase chain reaction-enzyme immunoassay method (PCR + EIA), beginning in 2016 [15] [16] . Mexico introduced a successful program for women belonging to communities underserved by the health system, consisting of vaccinating the young, screening by Pap women in between 24 and 35 years old and screening by DNA testing those older [17] .
Brazil launched a national CC screening program about 40 years ago. The reduction on CC mortality verified recently in a few state capitals may be partially attributed to this program, which has been intensified in the last decade [18] . Nevertheless, the incidence of CC in 2012 was estimated to be of about 17/100,000 women with huge regional differences. For instance, the estimated incidence for 2012 in Mato Grosso do Sul State was 39.4/100,000 while in São Paulo State it was 16.4/100,000 (age-unadjusted) [19] .
In consonance to organized CC screening programs worldwide, Brazilian guideline recommends cytological testing every three years after two annual negative smears, for the targeted population of women in between 25 -64 years old. About 11 million Pap smears were collected in 2009, suggesting the coverage of 66% (50 million women corresponding to 16.6 million smears per year in a triennium period). However, in practice, there are many women that perform Pap smears yearly and also unscreened women, indicating that the population coverage shall be below 50% in some regions of the country. Of course, these unscreened women are the main source of new cases of CC and projects aiming to reach them and ensure their gynecological health is paramount. Some barriers to their access to the CC screening program may be overcome by the conjunction of self-collection devices and HPV DNA testing, as shown in other countries [20] .
The aim of this study was to evaluate the performance of some of the commercially available HPV NATs for their sensitivity, specificity, predictive values, rate of invalid results and accuracy under routine CC screening conditions. Between October 2009 and April 2011 both centers recruited women from two groups. Group A was composed of 511 women with a previous abnormal Pap test in the year preceding study enrollment (354 from Barretos and 157 from São Paulo) while Group B consisted of 2464 patients (1964 from Barretos and 500 from São Paulo) undergoing routine screening.
Material and Methods

Ethics Statement
Mean and median age was respectively 40.1 (sd ± 12.9 years) and 47.0 years for the Group A and 42.7 (sd ± 14.4 years) and 46.7 years for the Group B women. Cervical samples were collected using SurePath liquid cytology collection device, and processed according to the manufacturer protocol. The remaining cell pellet was ressuspended in Surepath preservative fluid, split into 4 aliquots and stored frozen at −20˚C. Each sample was thawed and processed for the NAT according to manufacturer instructions. For the cobas 4800 it was used the cell suspension in SurePath liquid, whereas for Hybrid Capture,a protocol for sample processing was provided by Qiagen. Finally, all positive samples by either test were genotyped by the PapilloCheck kit (Greiner BioOne).
Statistics
Mean, median and standard deviations were calculated using Excel (Microsoft Co., USA) while confidence intervals of 95% were obtained by applying the method of Newcombe for proportions, as described [22] .
HPV Molecular Tests
We chose to evaluate tests that were commercially available and based on different targets. Hybrid Capture employs RNA probes that hybridize all over the HPV genome, cobas 4800 uses L1 primers and probes specific for HPV 16 and 18 and another 12 HPV types in addition to a cellular control (beta-globin).
Hybrid Capture 2 (Qiagen, Gaithersburg, MD, USA)-This is a nucleic acid hybridization assay with signal amplification that utilizes microplate chemiluminescent detection. Specimens containing target DNA hybridize with a specific HPV RNA probe cocktail further detected by an antibody against RNA:DNA hybrids. This test detects HR-HPV genotypes 16 
Cytology and Histology
Smears were examined by regular cytologists at both institutions and classified according to the Bethesda system. Altered smears were reviewed by one of the authors (AL). When discrepancies occurred, the assessment made by AL prevailed. Colposcopy and biopsies were made according to the standard guidelines, guided by cytological results; cytological high grade lesions (Figure 1) were submitted to colposcopic evaluation and biopsies taken when suggestive lesions visualized.HPV testing results were unavailable to clinicians and did not influence patient's management. 
Results
Cytology and Histology
Group B patients followed the common distribution of cytological results on screening populations whereas Group A displayed a much higher prevalence of cytological abnormalities, including cervical carcinomas, as shown in Table 1 . Overall, 28 women had an altered smear in Group B and 123 in Group A ( Table 2) . These patients were invited to a second visit when colposcopy was performed and biopsies taken, if indicated. Among Group A subjects, one-hundred and eleven women attended to this visit (111/123 = 90%). In Group B, 81 women had smears > negative for intraepithelial lesion or malignancy (NILM) but only 28 patients were biopsied (28/81 = 34.5%). This difference is mainly due to the policy in Barretos of not referring to colposcopy patients with low-grade squamous intraepithelial lesion (LSIL) or atypical squamous cells of undetermined significance (ASCUS) smears but also to patients that failed to return.
Concordance between cytology and histology is hampered by the significant number of high-grade squamous intraepithelial lesion (HSIL) samples not submitted to colposcopy/biopsy (10/18 HSILs). The gold-standard against which molecular tests were evaluated is histology confirmed cervical intraepithelial neoplasia (CIN) 2/3+. Overall, there were 18 cases of CIN2, 24 CIN3 and 7 invasive carcinomas, including 1 adenocarcinoma. Among the 31 CIN3+ cases (Figure 2) , four came from the screening population, two CIN3, one adenocarcinoma and one squamous cell carcinoma. One endometrial carcinoma and one adenosarcoma were detected as well but were not considered for the purpose of this evaluation. Figure 3 shows the HR-HPV prevalence verified by each method on both study groups. The prevalence of HRHPVs in the screening population, as depicted by the cobas 4800 was 7.6% (CI 95% 6.6% -8.7%) HPV 16 1.9% (CI 95% 1.4% -2.5%) and HPV 18 0.8% (CI 95% 0; 49% -1.2%). The sum exceeds 9.7% (total HPV prevalence by cobas 4800 in Figure 3 ) due to co-infections.
Molecular Tests
Age distribution of HR-HPV DNA frequency on the screening group (B) follows that commonly observed in the general population, i.e. higher rates in younger women, decreasing significantly over 30 years old (Figure 4) . A peak of 43% can be seen on women in between 61 -65 years old in the referral population (group A), probably a chance event caused by the small sample size of this age category (N = 21).
Sensitivity of Hybrid Capture and cobas 4800 HPV was identical; both failed to detect 5 CIN3+ cases out of 31, though these 5 negatives were not coincidental. All carcinomas ("in situ" and invasive) were detected by the cobas 4800 and HC. Both methods presented negative predictive values of 99.8% as seen on Table 3 . HPV Type Distribution-All samples HR-HPV positive for at least one of the methods (n = 328 CH+; 350 cobas 4800+) plus a random subsample of 300 samples negative for both methods were submitted to HPV genotyping by the PapilloCheck test. Results are displayed on Figure 5 . The presence of low-risk HPV genotypes in this figure is explained by the inclusion of probes for these genotypes in the PapilloCheck assay, depicting them when present in co-infections with the HR-HPV genotypes.
Discussion
Scientific evidence gathered in the last five years strongly advocates the use of HPV NAT as a tool for primary screening for cervical cancer [23] . Studies showed NAT to be more sensitive than standard cytology [24] , detecting about 50% additional cases of CIN3+. In several countries, this gain in sensitivity was not accompanied by a substantial increase in referrals to colposcopy due to an HR-HPV positive result [25] . Longitudinal studies also evidenced that an screening interval of 5 -6 years after an HR-HPV negative result was safe [8] [16], thus reducing the number of referrals and the overall cost of the screening programs. Several HPV NATs were available in the market, and we evaluated methodologies with different targets and principles in a large number of patients. By including two groups with distinct epidemiological backgrounds, we aimed to assess specificity in the regular screening population and sensitivity in a population referred for a previous abnormal Pap test, as this would likely harbor a larger number of high-grade lesions. However, a caveat of such "split sample" study was the necessity to manipulate the samples, losing 100% traceability and potentially introducing human errors. Moreover, as we decided to use samples from another liquid based cytology study evaluating the SurePath system (BD, USA), our biological material was a pellet of epithelial cells in SurePath liquid preservative. This is not the material of choice for the NATs employed, as they all foresee the use of primary tubes, i.e. before any processing. Hybrid Capture 2 and cobas 4800 HPV test showed very similar performances (sensitivity and specificity for CIN3+ of 84% and 89% for both tests respectively) corroborating findings from other comparative evaluations [26] . Cobas 4800 offers the advantage of genotyping HPV 16 and 18 in the screening test and also contains a control for sample adequacy (beta-globin), being a fully automated platform. Reassuringly, HC2 and cobas 4800 detected all "in-situ" (n = 7) and invasive carcinomas (n = 7). Moreover, the negative predictive value was 99.8% for both methods, fulfilling one of the suggested requirements for their use as primary screening tools [27] . The HR-HPV prevalence in this population (group B, representing general screening population) of 8% -10% is similar to other Brazilian studies [28] [29] . Noticeably, HPV 56 appeared as the second more frequent type in both groups. Other studies using PapilloCheck for genotyping are also reporting rates of HPV 56 above the expectancy [30] , what may be attributable to an increased sensitivity or reduced specificity of this test for this particular type. Being HR-HPV a common infection, the positive predictive value for CIN3+ is low, less than 10%, meaning that only one in ten screen-positive women will have an HSIL detected on triage. It has been proposed that the judicious use of the genotyping and patient age information may increase the PPV, by directly referring to colposcopy only those above 30 years old and HPV 16 and/or 18 positive. Women with an HR-HPV result (non-16, non-18) would repeat HPV testing and concomitant cytology one year after [31] . Other countries simply decided to restrict test to women 30 years old and above. We believe this alternative is not applicable to the current situation in Brazil where national guidelines recommend screening to begin at the age of 25 years, although this service is not denied to younger women willing to be screened. Moreover, there is a small percentage (approx. 4%., Levi et al. unpublished) of invasive cancers occurring on young women, below 30 years old, whom, in addition to those bearing high-grade precursor lesions, will certainly benefit from NAT screening. Accordingly, in this study, 5 out of the 31 CIN3+ patients were less than 30 years old, including two cases of carcinoma "in situ". In São Paulo state, adenocarcinomas are becoming proportionally more prevalent, and it is well recognized that the cytology is particularly less sensitive for the diagnosis of this histological type [8] , whereas HPV NATs are supposed to show the same sensitivity for squamous and adenocarcinomas.
The major strengths of this study are the large number of patients enrolled and the significant number of cytological abnormalities verified, allowing the accurate assessment of the performance of NAT methods. However, several limitations must be acknowledged. First, we don't have any additional information from the women testing HR-HPV positive but negative by LBC, hindering a more comprehensive evaluation of the role of HPV testing in screening, in this population. Furthermore, the suboptimal biological specimen used may have contributed to some HPV NATs false-negatives observed. Finally, histology was adopted as the gold-standard for cervical disease, whereas two cases classified as CIN3+ were HPV negative by all methods. These could be, in fact, mistakes in the histopathological analysis instead of false-negative HPV-NATs.
We consider that São Paulo state may pioneer a shift in screening methods that will hopefully lead to a substantial reduction in the incidence and mortality from cervical cancer in Brazil, ultimately a preventable disease.
However, it must be recognized that the success of a cervical cancer screening program won't be guaranteed by any method of screening, but by the overall organization of the system, providing high population coverage, fast access to testing results and easy admission to centers for treatment and follow-up of precursor lesions. Computerized web-based database accessible to health care providers is instrumental in managing the screening program and evaluating the efficacy of new initiatives, as the one here reported, planned to be soon implemented in São Paulo as a pilot experience.
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